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TI First modular synthesis of dissymmetric biaryldiphosphine ligands 
allowing 

tunable steric and electronic effects 
AB The first modular synthesis of a family of Cl-sym. 1 , 1 ' -biphenyl- 
2-2 ' -diphosphine ligands is presented. Starting from 2, 2', 6,6'- 
tetrabromo-1, 1 ' -biphenyl, the resolvable intermediate, 2 ' , 6- 
dibromo-6 ' - (trimethylsilyl) -1, 1 ' -biphenyl-2-ol (12) was prepared 
in two steps by silylation-hydroxylation reaction sequence. 
Optical resolution of rac-12 was achieved by preparative HPLC on 
chiral stationary phase column. Alkylation of both enantiomers of 
12 afforded methoxy derivs., 2 , 2 ' -dibromo-6-methoxy-6 ' - 
(trimethylsilyl) -1, l'-biphenyls [(R)-17, (S)-17]. Chiral bis- 
diphenylphosphines 2,2' -bis (diphenylphosphino ) -6-methoxy-l , 1 ' - 



biphenyls (2) were prepared by BuLi/Ph2PCl phosphination and 
desilylation. Unsym. 2 , 2 ' -diphosphines , 2- (R12P) -2 ' - (R22P) -6- 
methoxy-1, 1 ' -biphenyls (1, Rl = Ph, R2 = Cy; 3, Rl = R2 = Cy; 4, 
Rl = Cy, R2 = Ph) were prepared in racemic form starting from 2- 
bromo-2 ' , 6-diiodo-6 ' -methoxy-1 , 1 ' -biphenyl by consequent 
phosphination and debromination; compds . 1-4 were prepared on gram 
scale and resolved into individual enantiomers by chiral 
preparative HPLC. Their synthesis is based on unprecedented 
highly regioselective halogen/metal interconversions on a common 
polybrominated biaryl precursor; the reaction sequence makes 
easily available the diphosphine ligands carrying only one 
substituent at the 6-position and two phosphine substituents at 
the 2- and 2 ' -positions ; the two phosphine substituents may be 
identical or different. Asym. hydrogenation of acetoacetate, 4- 
chloroacetoacetate, di-Me itaconate, ( Z ) -a-acetamidocinnamate 
using Ru/L and Rh/L catalysts (L = 1-4) gave the products with 
good to quant, yields and moderate to high ee values. 
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TI Ligand tailoring: the first modular assembly of atropoisomeric 

biarylbisphosphine ligands 
AB Unsym. substituted axial-chiral 1 , 1 ' -biphenyl-2 , 2 ' -diphosphines 

were prepared starting from 2 , 2 ' , 6 , 6 ' -tetrabromo-1 , 1 ' -biphenyl by 
highly selective stepwise lithiation, phosphination, halogenation 



and substitution reactions; the biphenyl diphosphines were 
resolved into enantiomers and examined as catalysts for asym. 
hydrogenation of C:C and C:0 double bonds. Using the "dummy" 
removable bromo substituent at 6 '-position, undesirable 
planarization and cyclization of biphenylyl monophosphine 
intermediate into dibenzophospholes was avoided. Monoborylation, 
oxidation and methylation of 2 , 2 ' , 6 , 6 ' -tetrabromo-1 , 1 ' -biphenyl 
gave 2 , 2 ' , 6 ' -tribromo-2-methoxy-l , 1 ' -biphenyl (5), which was 
converted to 6-methoxy-2- (R12P) -2 ' - (R22P) -1, 1 ' -biphenyls (1-4; 1 
Rl = R2 = Ph; 2 Rl = R2 = Cy; 3 Rl = Cy, R2 = Ph; 4 Rl = Ph, R2 = 
Cy) by stepwise lithiation-phosphination, lithiation-halogenation 
and lithiation-hydrolysis reactions. After resolution on chiral 
column, the ligands were tested in benchmark hydrogenation 
reactions of ( Z ) -a-acetamidocinnamate, di-Me itaconate and 

excellent enantioselectivity . 
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TI Preparation of asymmetrically substituted biaryldiphosphines and 
their use 

as cocatalysts for transition metal catalyzed enantioselective 
hydrogenation 

GI 




Asym. substituted biaryldiphosphine ligands I (Rl = Cl-6-alkyl or 
C3-10-cycloalkyl optionally substituted with one or more halogen 
atoms; R2 and R3 are equal and are C5-1 O-cycloalkyl or Cl-6-alkyl, 
or R2 is C5-10-cycloalkyl or Cl-6-alkyl, and R3 is aryl optionally 
substituted with one or more substituents selected from the group 
consisting of halogen atoms, nitro, amino, Cl-6-alkyl, Cl-6-alkoxy 
and di-Cl-6-alkylamino groups, and each Cl-6-alkyl, Cl-6-alkoxy, 
di-Cl-6-alkylamino and C5-10-cycloalkyl group in R2 and R3 
optionally being substituted with one or more halogen atoms, from 
2, 2 ' , 6, 6 ' -tetra-bromobiphenyl) were prepared by a sequence of 
bromine-metal exchanges and subsequent reactions. Thus, 
lithiation of 2 ' , 6-dibromo-2-methoxy-l , 1 ' -biphenyl (preparation 
given) with BuLi followed by phosphination with 

chlorodicyclohexylphosphine in THF gave 74% title compound, 2 ' , 6- 
bis (dicyclohexylphosphino) -2-methoxy-l, 1 1 - biphenyl (ligand 1). 
RuC13/ (-) ligand 1 catalyzed enantioselective hydrogenation of Et 
acetoacetate gave (R)-Et 3-hydroxybutyrate . 
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TI Preparation of asymmetrically substituted biaryldiphosphines as 

ligands 

for enantioselective hydrogenation 

GI 




Provided is a process for preparation of asym. substituted 
biaryldiphosphine ligands I (Rl = Cl-6-alkyl, C3-1 0-cycloalkyl 
optionally substituted with one or more halogen atoms; R2, R3 = 
aryl, C5-10-cycloalkyl, Cl-6-alkyl, or R2 = C5-1 0-cycloalkyl , Cl- 
6-alkyl; R3 = aryl optionally substituted with one or more 
substituents selected from the group consisting of halo, nitro, 
amino, Cl-6-alkyl, Cl-6-alkoxy, and di-Cl-6-alkylamino groups, and 
each Cl-6-alkyl, C5-1 0-cycloalkyl , Cl-6-alkoxy and di-Cl-6- 
alkylamino group in R2 and R3 optionally being substituted with 
one or more halogen atoms, from 2 , 2 ' , 6 , 6 ' -tetrabromobiphenyl ) by a 
sequence of bromine metal exchanges and subsequent reactions. 
Thus, phosphination of 2 , 6 , 6-tribromo-2 ' -methoxy-1 , 1 ' -biphenyl 
(preparation given) with Ph2PCl followed by isomerization gave 
2 ' , 6-bis (diphenylphosphinyl) -2-methoxy-l, 1 ' - biphenyl (ligand 1 ) ; 
RuC13/ (+) -ligand 1-catalyzed hydrogenation of Et acetoacetate in 



EtOH at 50° gave (S)-Et 3-hydroxybutyrate . 
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